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Disconjugate Adaptation to Long-Standing, Large-
Amplitude, Spectacle-Corrected Anisometropia
Akihiko Oohira,*j- Dovid 5. Zee,*f and David L. Guyron*
A 12-yr-old anisometropic patient had worn corrective eyeglasses (right eye, -0.50 +1.50 X 125; LE,
-9.75 +2.50 X 60) for 7 yr, and then changed to contact lenses. Eye movements were recorded before
and after the change to contact lenses using binocular search coils. In habitual spectacle viewing, the
patient showed disconjugate adaptation. During monocular viewing, for example, ocular alignment
changed by as much as 4° during a 20° saccade. Also, during monocular viewing, with cither eye,
placing the spectacle lens in front of the eye caused an increase in the disconjugate adaptive response
compared with viewing without lenses. This finding emphasizes the context specificity of adaptive
responses. After switching to contact lenses, the patient still wore his spectacles for 20-40 min each
day. Although there was little residual disconjugate adaptation for vertical saccades, he showed consid-
erable adaptation for horizontal saccades, especially for gaze changes that required divergence. The
persistence of a partial state of disconjugate adaptation allowed the patient to use immediate, disparity-
induced, horizontal vergence to aid ocular alignment in either the contact-lens-viewing or the spectacle-
viewing condition. A more complete reversion to conjugacy occurred after nine days of exclusive use of
his contact lenses. Then, in a short-term experiment, two minutes of binocular viewing through the
eyeglasses induced a considerable reversion toward the previous state of disconjugate adaptation (up to
1.25°of vergence change during monocular viewing). Finally, the waveform of the adapted (to specta-
cles) intrasaccadic vergence change with monocular viewing was similar to the waveform of the una-
dapted intrasaccadic vergence change during binocular relaxations between targets that required a
combined saccade and vergence. This finding suggests a common mechanism for adaptation to specta-
cle-corrected anisometropia and for normal binocular vergcncc-saccade interactions. Invest Ophthal-
mol Vis Sci 32:1693-1703, 1991
Much research has focused on the mechanisms by
which the central nervous system calibrates eye move-
ments for optimal visual-oculomotor performance.
Most studies were concerned with adaptive control of
conjugate ocular motor mechanisms, ie, simulta-
neous, identical adjustments of the innervation to
both eyes, to assure that saccades, pursuit, and vestibu-
lar eye movements are accurate.1 Other studies have
investigated mechanisms of disconjugate ocular mo-
tor adaptation, ie, adjustments of the relative innerva-
tion to the two eyes to ensure optimal binocular vi-
sual-oculomotor performance.2'3
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One model for the investigation of disconjugate oc-
ular motor adaptation is spectacle-corrected anisome-
tropia.4 Because of the prismatic effects (rotational
magnification) of the corrective lenses away from
their optical centers, a retinal disparity occurs for
most of the targets in the visual periphery. Accord-
ingly, if binocular fixation is to be immediate when
the eyes reach the new location of the target, the cen-
tral nervous system must readjust ocular alignment
during every conjugate change in gaze. Erkelens et al5
showed this in subjects with small degrees of specta-
cle-corrected anisometropia. Zee and Levi6 showed
this in myopic subjects in whom spectacle-corrected
anisometropia was simulated by having them wear a
contact lens in one eye and a spectacle lens in front of
the other (contact lenses are not associated with a ro-
tational magnification effect).
We studied a 12-yr-old boy who had worn eye-
glasses for 7 yr to correct a large, almost 10-diopter
anisometropia, and then changed to contact lenses.
By recording his eye movements before and after he
switched to contact lenses, we studied his capability
for disconjugate adaptation.
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Materials and Methods
Case Report
The patient was first examined at The Johns Hopkins
Hospital, at 5 yr of age. He had unilateral high myopia and
anisomelropic amblyopia. Cycloplegic refraction showed
right eye (RE): +0.50 +1.50 X 135 = 20/25 and (LE):
-11.25 +1.75 X 45 = 20/200. After 7 months of full eye-
glass correction and occlusion of the sound eye 90% of his
waking hours, visual acuity improved in the amblyopic eye
to 20/30. No stereo acuity was measurable with the Titmus
stereo test. Occlusion was discontinued, and after 4 months,
visual acuities remained at 20/25 and 20/30. Stereo acuity
measured 200 sec of arc with the Titmus test, and fusional
vergence amplitudes measured -8 / -2 to +18/+12 prism
diopters on haploscopic testing. An exotropia of 4 prism
diopters or less was measured in each of the cardinal posi-
tions of gaze.
At age 12 yr, with the patient still in full eyeglass correc-
tion, manifest refraction was RE: -0.50 +1.50 X 125
= 20/15 and LE: -9.75 +2.50 X 60 = 20/30. Stereo acuity
was 40 sec of arc on the Randot stereo test and, with his
eyeglasses on, no deviation could be detected by the cover-
uncover test in any direction of gaze, except for a small
exophoria on left gaze.
The patient was then given a prescription for contact
lenses. He wore his contact lenses continually except for
approximately 10 min in the early morning (before insert-
ing the contact lenses) and for 10-30 min in the late evening
(reading in bed with the eyeglasses). For the 9 days before
the third eye-movement recording session, the patient did
not use his eyeglass correction at all.
Protocol and Target Stimuli
Eye movements were recorded in three sessions: be-
fore the patient switched to contact lenses; after 3
months; and after 7 months. Each recording session
was in the late afternoon. Informed consent was ob-
tained after the nature of the procedures had been
fully explained.
The patient was seated 123 cm in front of two ego-
centric arcs (horizontal and vertical) of light-emitting
diodes (LEDs). The head was stabilized by a chin rest.
The LEDs created small spots of red light subtending
5.6 min of arc. Surrounding each LED was a white
annulus subtending approximately 60 min of arc. The
latter was used to aid fixation of targets when the LE
(myopic eye) was viewing without correction for the
purposes of calibration. All experiments were per-
formed in otherwise dim illumination. Control of tar-
get displacement and data acquisition were per-
formed by a PDP 11/73 digital computer.
Experimental Paradigm
Target displacements were either 10°, away from
and toward zero or 20°, between ±10°. For horizon-
tal and vertical saccades, a set of the six different tar-
get displacements was obtained and then repeated 10
times. With a few exceptions, seven or more responses
to each type of target displacement were obtained.
The initial groups of trials were elicited under mon-
ocular viewing, without eyeglass correction, for the
purpose of calibration. The positions of the eye at the
beginning and the end (after 925 msec) of the trials
were used for calibration. Subsequent groups of trials
were obtained with the patient wearing his eyeglasses,
first under monocular, then binocular, viewing condi-
tions.
Eye Movement Recordings
The movements of both eyes were recorded simulta-
neously using scleral annuli and the magnetic-field,
search-coil technique.7'8 The output signals from the
phase detector were amplified by a differential ampli-
fiers (Tektronix 5A22N) with a bandwidth of 0-300
Hz. This signal was sampled at 250 Hz with 12-bit
resolution. System noise limited resolution to
about 0.05°.
Data Analysis
Each trial was displayed on a video monitor. Sac-
cade onset was determined using as a criterion eye
velocity exceeding 20°/sec. The end of the saccade
was identified when saccade velocity dropped to less
than 30°/sec. Postsaccadic drift was determined for a
period of 160 msec after the end of the saccade. From
the calibrated position signals of the RE and LE. an
intrasaccadic (P-P) and a postsaccadic (D-D) ver-
gence change were calculated. By convention, P-P
and D-D were considered to be positive if they were
in the correct direction to aid realignment when wear-
ing the eyeglass correction (divergence for rightward,
and convergence for leftward saccades). For display, a
vergence trace was obtained by subtracting the cali-
brated RE and LE position signals. Statistical analyses
were performed using the student t-test. The results
are shown in the figure legends.
Results
Expected Change
Before considering the adaptive capabilities of the
patient, it is useful to estimate the degree of adapta-
tion necessary to meet the needs for binocular fixa-
tion imposed by the anisometropic spectacle correc-
tion. Accordingly, we calculated the necessary change
in alignment, both as predicted from the power of the
spectacle correction itself,9 and from actual behav-
ioral data from the patient while he was viewing tar-
gets through his spectcles in the state of adaptation to
habitual spectacle viewing.
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P-P = intrasaccadic vcrgcncc change (deg); D-D = postsaccadic vcrgcncc
change (deg); REV = right eye viewing: BEV = both eyes viewing: Total
(BEV) = sum of P-P (BEV) and D-D (BEV).
Expected (Monoc) = expected vergencc change based upon monocular
viewing through spectacles; Expected (Binoc) = expected vergence change
based upon binocular viewing through spectacles: % Adaptation = total
(BEV)/expccted (Binoc).
The first method, based on optics, is subject to error
because of the uncertainty of the distance between the
lens and the center of rotation of the eye and the spe-
cific curvature and thickness of the lenses. However,
assuming a distance of 25-35 mm between the back
of the eyeglass lens and the center of rotation of the
eye, one would expect a vergence change of roughly
3.6-4.7°, respectively, for saccades in which the RE
moves 20°.
Using the behavioral method, with the patient
wearing his eyeglasses, we measured the total excur-
sion (from the initial position of the eye to its final
position at the end of the trial) of the RE during RE
viewing of targets, the total excursion of the LE during
LE viewing of targets, and the excursions of both eyes
when both were viewing the targets. First, we sub-
tracted the total excursion of the LE (with the LE
viewing) from the total excursion of the RE (with the
RE viewing). The needed vergence change for 20°
saccades was 5.48° for horizontal rotations and 4.75°
for vertical rotations.
With both eyes viewing, however, we found that the
LE did not rotate by the same amount as when it
alone was viewing the target. There was a small degree
of misalignment with both eyes viewing. At 10° eccen-
tricity, for example, the LE was deviated centrifugally
(0.48° horizontally and 0.42° vertically) relative to
the position that the LE achieved when it alone was
viewing the target. Thus, the actual vergence change
recorded during binocular viewing was less, by about
17%, than that supposedly required based on the mea-
surements from monocular viewing. These numbers
are summarized in Table 1 and will be compared with
the actual values of adaptation discussed below.
After Habitual Spectacle Viewing
The initial set of eye movement recordings were
obtained after the patient had been habitually viewing
through his eyeglasses for 7 yr. He showed striking
differences in the excursions of the two eyes during
saccades, even when only one eye was viewing the
target. Typical examples (RE viewing)1 are shown for
10° horizontal saccades starting from zero (Fig. 1)
and for 20° horizontal or vertical saccades made
across the midline (Fig. 2). Note the change in static
ocular alignment as a function of orbital position, as
well as the dynamic change in the relative positions of
the two eyes during saccades, as reflected in the ver-
gence trace.
Figures 3 and 4 (left panels) show plots of the differ-
ence in excursion during the rapid, pulse portion of
the saccade (P-P) compared with the amplitude of the
pulse portion of the RE saccade during monocular
viewing. The eye began either at 10° left (Fig. 3) or
10° down (Fig. 4), and the target displacement was
either 10° or 20° right or up, respectively. Data are for
the initial saccade. Note the direct relationship be-
tween the size of the saccade and the intrasaccadic
(P-P) vergence change. The size of the saccade, not
the actual value of the disparity induced by the new
target location, determined the intrasaccadic ver-
gence change. When comparing the amount of intra-
saccadic (P-P) vergence change during 20° saccades
for binocular and for monocular viewing (Table 1),
the former was always significantly larger (P < 0.05).
We also analyzed the amount of immediate (the
first 160 msec), postsaccadic vergence change (D-D)
to determine whether disconjugate adaptation also
took place after the pulse portion of the saccade. Fig-
ures 3 and 4 (right panels) show no consistent correla-
tion between the amount of postsaccadic vergence
change (D-D) and saccade size during monocular
viewing. The postsaccadic vergence change (D-D)
was small and sometimes in the wrong direction. For
binocular viewing, the postsaccadic (D-D) vergence
change was usually in the correct direction, but was
still small compared with the intrasaccadic (P-P) ver-
gence change (Table 1).
1 Unless specified otherwise, all illustrations show results ob-
tained with the patient viewing the targets through his spectacles.
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Fig. 1. Right (A) and left (B) 10° horizontal saccades after habit-
ual spectacle viewing. Monocular (right eye) viewing. RE, right eye;
LE. left eye; VERG, vergencc trace (RE minus LE). Relative diver-
gence is positive; relative convergence is negative. Note the intra-
saccadic vergence change. In the bottom trace, there is a small
amount of divergence at the onset of the saccade. even though con-
vergence eventually occurs.
By comparing the actual amount of intrasaccadic
and immediate (160 msec) postsaccadic vergence
change occurring during binocular viewing, with the
expected amount (based on the positions of the eyes,
during binocular viewing, at the beginning and the
end of trial), we could determine how well the patient
adapted to habitually wearing the spectacle correc-
tion. The results are shown in Table 1 and indicate
that within 160 msec of the end of the saccade, the
patient achieved 85-102% of the vergence change dic-
tated by the final state of alignment. Most of the ver-
gence change was accomplished during the saccade
itself. Thus, binocular ocular motor performance was
close to the needs for the corrective eyeglasses.
We also examined the effect of wearing the specta-
cles by comparing the P-P vergence change under
conditions of monocular viewing with or without the
corrective spectacles. For example, with the RE view-
ing, making horizontal saccades (Fig. 5), the P-P ver-














































Fig. 2. Horizontal (A) and vertical (B) 20° saccades after habitual
spectacle viewing. Monocular (right eye) viewing. RE, right eye; LE,
left eye; VERG, vergence trace (RE minus LE). Right and upward
movements are positive; left and downward movements are nega-
tive. Note the change in ocular alignment and the intrasaccadic
vergence change (divergence on right gaze, convergence on left
gaze, right hypcrdeviation on up gaze, and left hyperdeviation on
down gaze).
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Fig. 3. Intrasaccadic (P-P) and postsaccadic (D-D) horizontal
vcrgence change after habitual spectacle viewing. Positive values
arc for a vcrgence change in the direction required by the spectacles.
Vcrgence change is plotted as a function of the size of the saccadc of
the right eye. Data are from rightwarcl saccades beginning from left
10°. Monocular (right eye) viewing. P-P but not D-D is related to
saccadc size.
and, especially, rightward saccades. For vertical sac-
cades, there was a much smaller residual adaptive
change.
After Habitual Contact-Lens Viewing
(Postcontacts II)
The third set of recordings was obtained 4 months
after the postcontacts I session. For the 9 days before
this recording session, the patient had been wearing
his contact lenses exclusively and did not use his eye-
glasses at all.
Figure 7 compares the intrasaccadic (P-P) vergence
change for all three sessions for 20° horizontal and
20° vertical saccades made under conditions of RE
viewing. After habitual (9 days) contact-lens viewing,
there was little residual adaptive change except for
rightward saccades. In this case, the amount of intra-
saccadic divergence was still almost 50% of the origi-
nal amount after habitual spectacle viewing.
We also examined the effect of a period of binocu-
lar viewing with the corrective eyeglasses to determine
any short-term effects on the amount of disconjugate
adaptation. The patient was instructed to make hori-
zontal saccades in response to 30 rightward and 30
leftward target displacements. In this approximately
2-min period, there was a considerable change in the
adaptive response as reflected in the monocular (RE
through the corrective spectacle lens. The postsacca-
dic (D-D) vergence change was also modified by
viewing through the spectacle lens. Without the spec-
tacles, the postsaccadic vergence change was in the
opposite direction of the intrasaccadic vergence
change (about 0.6° for leftward and rightward 20°
saccades, with RE viewing). With the spectacles, the
postsaccadic vergence change during monocular
viewing was negligible (from -0.03° to -0.01°).
After Mostly Contact-Lens Viewing (Postcontacts I)
The second set of recordings was obtained 3
months after the patient had begun wearing contact
lenses for the entire day, except for 10 min in the
morning and 10-30 min in the evening, when he wore
his eyeglasses.
Figure 6 compares downward vertical saccades (RE
viewing) after habitual eyeglass viewing, (A), with
mostly contact-lens viewing, (B). After the contact
lenses were worn, there was an almost complete rever-
sion to a normal pattern of conjugate eye movements.
Figure 7 shows the P-P difference (RE viewing), for
20° vertical and horizontal saccades, between habit-
ual spectacle viewing and after mostly contact-lens
viewing. After mostly contact-lens viewing, there was
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Fig. 4. Intrasaccadic (P-P) and postsaccadic (D-D) vertical ver-
gence change after habitual spectacle viewing. Positive values are
for a vergence change in the direction required by the spectacles.
Vergence change is plotted as a function of the size of the saccade of
the right eye. Data arc from upward saccades beginning from down
10°. Monocular (right eye) viewing. P-P but not D-D is directly
related to saccade size.
Downloaded from iovs.arvojournals.org on 06/29/2019




L10 -> R10 L10 -> 0 0 -> R10 L10 <- 0 0 <- R10 L10 <- R10
Saccade Amplitude and Direction
Fig. 5. Intrasaccadaic (P-P) vergence change for
horizontal saccades after habitual spectacle view-
ing. Monocular (right eye) viewing (REV) with or
without the spectacles. Note the larger amount of
adaptation when viewing through the spectacles.
Significant differences (student t-test, P < 0.05)
were found between REV with and without spec-
tacles for each saccade type except L10 to R10.
For this trial type, standard deviation for the REV
with spectacles was unusually large (0.64°), and
only three saccades were available for analysis.
REV, no spectacles REV, spectacles
viewing) testing results, before and after the binocular
experience (Figs. 8, 9). For rightward saccades, the
adaptive change was restricted to a change in the
amount of postsaccadic (D-D) vergence. For leftward
saccades, the adaptive change occurred for both intra-
saccadic (P-P) and postsaccadic (D-D) vergence.
Discussion
Our study confirms previous observations5-610 and
shows new features of the range and characteristics of
the disconjugate adaptation that occurs with specta-
cle-corrected anisometropia in human beings. In this
study, we recorded the long-term adaptive response of
the patient to wearing spectacles correction for a
larger degree of anisometropia than had been studied
previously. We also studied the adaptive response
when the patient used both his contact lenses and his
spectacle correction for some part of each day, as well
as when he used his contact lenses exclusively.
Degree of Adaptation to Corrective Eyeglasses
We showed that our patient adapted to his spectacle
correction by altering innervation such that there was
an intrasaccadic change in ocular alignment. This
adaptive response became independent of the immedi-
ate presence of disparity cues, since the adaptive
changes were seen in monocular viewing conditions.
Comparable adaptive changes occurred for both hori-
zontal and vertical movements. We found that the
degree of intrasaccadic vergence change was almost
always larger during binocular than during monocu-
lar viewing. This finding indicates that for saccades
made during binocular viewing, the presence of a pe-
ripheral disparity leads to an additional amount of
intrasaccadic vergence change.
In contrast to the large intrasaccadic vergence
change, there was little postsaccadic adaptation. The
postsaccadic vergence change during monocular
viewing was not correlated with saccade size and was
sometimes in the opposite direction of the intrasacca-
dic vergence change. This result differed from that in
our previous study6 of short-term adaptation in nor-
mal subjects who wore, for 3-5 days, an optical combi-
nation simulating spectacle-corrected anisometropia.
Those subjects showed both intrasaccadic and post-
saccadic disconjugate adaptation. In this study, we
found some postsaccadic disconjugate adaptation
change, but only in the short-term adaptation experi-
ment discussed below.
Although the degree of intrasaccadic disconjugate
adaptation shown by our patient after habitual spec-
tacle viewing was large, it did not meet the needs dic-
tated by the eyeglasses (Table 1). Values recorded dur-
ing monocular viewing (P-P, RE viewing) ranged
from 62-87% of the amount required to reach the
final alignment that occurred during binocular view-
ing through the eyeglasses (expected, binocular).
When the intrasaccadic vergence change with both
eyes viewing (P-P, both eyes viewing) was considered,
however, values rose, ranging from 83-99%. When
the small amount of the immediate postsaccadic ver-
gence change in the both eyes viewing condition was
added, during binocular viewing (total both eye view-
ing), both eyes arrived close (85-102%) to their final
position within 160 msec of completion of the sac-
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Fig. 6. Downward 10° saccades after habitual spectacle viewing
(A), and after contact lens (postcontacts I) viewing (B). Monocular
(right eye) viewing. RE, right eye; LE, left eye; VERG, vergence
trace (RE minus LE). After contact lens viewing, the disconjugate
adaptation is almost gone.
cade. Thus, in normal circumstances, with both eyes
viewing through the eyeglasses, the overall response of
the patient was adequate.
The fact that binocular alignment did not corre-
spond exactly to that predicted from monocular view-
ing is consistent with the findings of Remole," who
showed that even in normal subjects, binocular fixa-
tion accuracy deteriorated with eccentric gaze (by as
much as 0.5° for 30° eccentricity). Our patient, how-
ever, showed a larger degree of misalignment, nearly
0.5° at 10°eccentric gaze. This finding may be second-
ary to a minor anomaly of binocular visual function
due to the long-standing anisometropia.
Response to Contact-Lens Viewing
After the patient switched to contact lenses, a differ-
ent pattern of intrasaccadic vergence change emerged.
For vertical eye movements, the P-P vergence change
was attenuated after mostly contact-lens viewing
(postcontacts I) and was nearly absent after 9 days
contact-lens viewing (postcontacts II). For horizontal
eye movements, the results were different. In both di-
rections, there was considerable residual adaptive
change after mostly contact lens-viewing and, even
after habitual (9 days) contact lens-viewing, for right-
ward saccades, almost 50% of the original intrasacca-
dic vergence change was still found. We cannot attrib-
ute this large amount of residual adaptive change to
testing the patient with his eyeglasses on, ie, a context
effect, since, even in the initial monocular calibration
trials, which were obtained without an eyeglass correc-
tion, the residual adaptive change for rightward sac-
cades was evident (1.6° in the calibration run and
1.8° with eyeglass correction).
The considerable residual adaptive change after
mostly contact-lens viewing (postcontacts I) reflected
the circumstance that the patient used his eyeglasses
for at least some part of each day. Why was there
residual horizontal but not vertical change? It may be
that in the time he wore his eyeglass correction, he
made more horizontal than vertical saccades. (He
usually used his eyeglasses in the evening while read-
ing in bed.) Hence, there would be a need to keep the
degree of inherent horizontal disconjugacy closer to a
value that he could use either with his contact lenses
or with his eyeglass correction. Furthermore, there is
more flexibility for horizontal movements—because
of the availability of a more robust disparity-induced
vergence response—so it was reasonable to choose a
value intermediate between that required by the two
viewing conditions and then use horizontal disparity-
induced vergence to make the final adjustment of
alignment. This strategy could explain why the resid-
ual adaptive change was larger for rightward saccades
than for leftward saccades. Any inherent divergence,
if inappropriate, could be more easily overcome by a
convergence correction than vice versa.
For vertical movements, however, choosing an in-
termediate value of adaptation would be less feasible
because of limitations of disparity-induced vertical
vergence. Thus, for vertical movements, one might
expect the innervation pattern for the two eyes to be
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Fig. 7. Intrasaccadic (P-P) vergence change for
20° saccades duringy monocular (right eye) view-
ing. Saccades after habitual spectacle viewing,
after mostly contact lens viewing (postcontacts 1).
and after exclusive contact lens viewing (postcon-
tacts II). REV. right eye viewing. Note the progres-
sive decrease in adaptive response as the patient
switched from spectacle viewing, to mostly con-
tact lens viewing (postcontacts I), to exclusive
contact lens viewing (postcontacts II). The largest
residual adaptive response is for right ward (call-
ing for divergence) saccades.
I REV post-glasses L J J REV post-contacts I I I REV post-contacts
closer to the value required for the viewing condition
that the patient most commonly experienced.
We also found that after habitual (9 days) contact-
lens viewing, the residual adaptation was primarily
for rightward saccades. A small amount of divergence
occurs during horizontal saccades in normal sub-
jects,5610 but not to the degree shown during right-
ward saccades made by our patient. Whether the find-
ing that adaptation for rightward saccades was less
susceptible to modification was idiosyncratic for our
patient, or reflected a more hard-wired adaptation for
saccades in which divergence occurred, perhaps be-
cause of the relatively limited range of divergence, is
uncertain. The latter explanation is supported by the
result of the short-term learning experiment. There
was more immediate adaptive change to the eye-
glasses for leftward saccades. suggesting that the state
of adaptation for rightward saccades was less suscepti-
ble to modification.
Context Specificity of Disconjugate Adaptation
Another observation was made regarding the effect
of the eyeglasses on the adaptive response. Under
monocular viewing conditions, use of the eyeglasses
led to an increase in the intrasaccadic vergence
change and to a decrease in the oppositely directed,
postsaccadic vergence change. The postsaccadic ver-
gence change that was seen without eyeglasses, al-
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Fig. 8. Short-term learning experiment after exclusive
contact lens viewing (postcontacts II). Intrasaccadic (P-P)
vergence change (right eye viewing, REV) before (prcadapt)
and after (postadapt) 30 saccades in each direction, with
both eyes viewing (BIiV adapt) through spectacles. Note the
considerable increase in adaptive response for intrasaccadic
vergence for leftward but not for rightward saccades. For
leftward saccades. the prcadapt and postadapt values for in-
trasaccadic vergence were significantly different (student t-
test)at t h e / ' < 0.01 level.
REV preadapt U S BEV adapt EZD REV postadapt
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Fig. 9. Short term learning experiment after exclusive contact
lens viewing (postcontacts II). Postsaccadic (D-D) vergence change
(right eye viewing, REV) before (preadapt) and after (postadapt) 30
saccades in each direction, with both eyes viewing (BEV adapt)
through spectacles. Note the considerable increase in adaptive re-
sponse in postsaccadic vergence for leftward and right ward sac-
cades. For both directions, the preadapt and postadapt values were
significantly different (student t-tcst) at the P < 0.01 level.
was in the appropriate direction for uncorrected view-
ing since it could counteract an inappropriate intra-
saccadic vergence change. The effect of putting on the
eyeglasses occurred with viewing with either eye and
was not due to an increase in visual acuity since the
RE required minimal correction and unaided, could
clearly see the targets. This change in relative innerva-
tion, related to putting on the eyeglasses, emphasizes
the potential importance of context in eliciting adap-
tive responses. The central nervous system antici-
pated the need for more intrasaccadic vergence when-
ever the glasses were used.
Our patient was not able to, however, switch imme-
diately between two separate levels of innervation:
one appropriate for eyeglass viewing and the other
appropriate for non-eyeglass viewing. We could not
record his eye movements when he was actually wear-
ing contact lenses, but the contact lenses could have
led to a context-specific change in adaptation. The
issues of context specificity and the ability to switch
among several different levels of innervation need to
be examined.
Short-Term Learning of Disconjugate Adaptation
After habitual (9 days) contact-lens viewing, we ex-
amined the effect of a brief period of binocular experi-
ence with the eyeglasses to identify any short-term
learning, or remembering, effects. In two minutes,
after about 30 saccades in each direction, we found
significant changes in both the intrasaccadic and the
immediate (first 160 msec) postsaccadic change in
alignment of the eyes, as tested under monocular
viewing. The early adaptive response to circum-
stances requiring disconjugate eye movements could
have been both an intrasaccadic and a postsaccadic
vergence change. This was true of our previous study
of normal subjects who had worn, for 3-5 days, an
eyeglass-contact lens combination that simulated an-
isometropia.6 Long-term, it would be advantageous to
have as much of the vergence change as possible occur
during the saccade. This occurred in our patient after
long-term habitual eyeglass viewing, as his adaptive
response did not include, nor require, much postsac-
cadic vergence change.
The degree of change in adaptation after just two
minutes of binocular viewing through the eyeglasses
may reflect the consequences of the patient having
been adapted to his eyeglasses for many years. Gener-
ally, it takes longer to make an adaptive change away
from, than back to, the usual state of ocular motor
innervation.1 In our patient, his long-term state was
the adaptation to the anisometropic eyeglasses, so a
return to that state was expected to be quick. On the
other hand, after the brief exposure to binocular view-








Fig. 10. Comparison of adaptive horizontal vergence change
(after habitual spectacle viewing), as reflected in monocular (right
eye) viewing (left panel), with a binocular response (after exclusive
contact lens viewing, postcontacts 11) in the unadapted state (right
panel). The vergence traces are offset for clarity. For the data in the
right panel, the patient used both eyes without spectacles to rcfixatc
between two horizontal targets differing both in depth and in posi-
tion in the visual field. The waveform of the horizontal vergence
change is similar in both conditions.
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Fig. 11. Comparison of adaptive vertical vergencc change (after
habitual spectacle viewing) as reflected in monocular (right eye)
viewing (left panel), with a binocular response after exclusive con-
tact lens viewing, postcontacts 11) in the unadaptcd state (right
panel). The vergencc traces are offset for clarity. For the data of the
right panel, the patient used both eyes without spectacles to refixatc
between two vertical targets that were close to the right eye. For this
experiment, the monocular vertical calibration of the left eye was
obtained with the left eye adducted about 35°. The waveform of the
vertical vergencc change is similar in both conditions.
ing through his eyeglasses, there was no change in the
amount of intrasaccadic (di)vergence change for
rightward saccades. As discussed above, whether these
differences in pattern of adaptation are idiosyncratic,
or related to something more fundamental that re-
quires relative divergence vs convergence, remains to
be seen.
A Possible Substrate for Disconjugate Adaptation
We performed our last experiment in an attempt to
better understand the mechanism underlying adap-
tive changes in intrasaccadic alignment. We sought to
determine whether the adaptive intrasaccadic ver-
gence change was similar to the intrasaccadic ver-
gence change that occurs whenever a subject gener-
ates a movement, with both eyes viewing, that re-
quires a combination of both a vergence and a
conjugate change in gaze.
Figure 10 shows the result for a leftward saccade in
the eyeglass-adapted state (postspectacles) during
monocular viewing (left panel) and in the contact-
lens-adapted state (postcontacts II) during binocular
viewing, without eyeglasses (right panel). For the lat-
ter, the targets differed both in depth and in position
across the visual field. Note the similarity in the ver-
gence waveform, including the slight divergence at the
beginning of the saccade as occurs in normal subjects.
We chose a natural circumstance in which discon-
jugate vertical movements would be needed. In the
last recording session (postcontacts II), when the ver-
tical disconjugate adaptation of the patient was vir-
tually gone, he was instructed to refixate, without
wearing his eyeglasses, between two targets aligned
one above the other and located about 10 cm in front
of the RE. They were located so that the angular sepa-
ration between the two targets was about 15°, with
respect to the RE. This target configuration required
about a 2.5° change in vertical vergence during the
vertical saccade. The LE must move less because the
angle that it subtends, with respect to the targets, is
smaller.
Figure 11 (right panel) shows the intrasaccadic ver-
gence change elicited during binocular viewing be-
tween the two targets and compares the result with the
intrasaccadic adaptive vergence change elicited with
monocular (RE) viewing after long-term habitual eye-
glass viewing (postspectacles, left panel). The ver-
gence traces in each panel are almost identical.
The similarity of the vergence traces in these two
experiments suggests that the mechanism that pro-
duces intrasaccadic vergence during binocular view-
ing in normal subjects may also be used to provide the
disconjugate adaptation that occurs in response to an
anisometropic spectacle correction. These similari-
ties, however, do not answer the fundamental ques-
tion—either for normal or for adapted subjects—of
how saccades of different sizes in each eye are gener-
ated. Do the different sizes of the saccades made by
each eye reflect separate saccadic programming to
each eye, or a nonlinear interaction between a normal
vergence response and the generation of a conjugate
saccade?
Finally, we noted that in the state of adaptation to
contact lenses, our patient did not generate a large-
magnitude, intrasaccadic, vertical vergence change
when changing gaze to vertical targets (located at a
distance of 123 cm) viewing with both eyes through
his anisometropic eyeglasses. In the postcontacts I ses-
sion, for 20° saccades, with both eyes viewing and
disparity cues available, our patient had only about 1 °
of intrasaccadic vergence. In other words, we cannot
explain the large amount of intrasaccadic vertical ver-
gence change (>2.5°) that our patient was capable of
when refixating without eyeglasses between asymmet-
rically positioned near targets, on the basis of an inor-
dinately robust, disparity-induced vertical vergence
system. Rather, the more natural circumstance of
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combining a vertical vergence with a vertical saccade
when the targets are close, elicited the greater re-
sponse. We suspect that with habitual viewing
through anisometropic eyeglasses, our patient learned
to use this intrasaccadic, vertical vergence as his ma-
jor disconjugate adaptive mechanism. Finally, sen-
sory factors, such as the change in depth perception
that occurs with an anisometropic eyeglass correc-
tion, may also facilitate disconjugate adaptation.12
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